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(54) VEHICLE FRONT OBJECT DETECTOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To accurately and rapidly 
detect the stop state of a vehicle and to rapidly perform 
the zero point correction of a yaw rate or lateral 
acceleration. 

SOLUTION: A detection means M3 detects the yaw rate 
or lateral acceleration of a vehicle and a curvature 
estimation means M4 estimates the curvature of a 
running road on the basis of the yaw rate or lateral 
acceleration and a vehicle speed. A steering means M5 
steers the detection direction of a front object detection 
means corresponding to the curvature. A zero point 
correction value operation means M6 calculates the zero 
point correction value for correcting the detection value 
on the basis of the detection value of the yaw rate or 
lateral acceleration detected by the detection means M3 
when the relative speed obtained by the front matter 
detection means M1 is zero, and the vehicle speed 
obtained by the detection means M2 is zero. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A forward object detecting means which detects relative velocity with an object 

object of a vehicle front, and an object object. 

A speed detecting means which detects the vehicle speed. 

A detection means to detect a yaw rate or lateral acceleration of vehicles. 

The above-mentioned yaw rate or lateral acceleration. 

A curvature estimation means which presumes curvature of a road under run based on the 
vehicle speed, and a steering means to make it steer a detecting direction of the above- 
mentioned forward object detecting means according to the above-mentioned curvature. 
Relative velocity which is the vehicle front object sensing device provided with the above, 
and was obtained by the above-mentioned forward object detecting means by zero. And 
when the vehicle speed obtained by a speed detecting means is zero, it has a zero-point- 
correction value calculating means which calculates a zero-point-correction value for 
amending the above-mentioned detection value based on a yaw rate or a detection value of 
lateral acceleration detected by the above-mentioned sensor. 

[Claim 2]A vehicle front object sensing device having a steering control means to make 
airraid relative velocity detect by making a detecting direction of said forward object 
detecting means into a ground surface or the direction of a road side when the vehicle 
speed detected by said speed detecting means is zero in the vehicle front object sensing 
device according to claim 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the device which detects the object which 

exists ahead of vehicles about a vehicle front object sensing device. 

[0002] 

[Description of the Prior Art]Conventionally, reduction of a driver's operation and various 
kinds of devices aiming at the improvement in safety are developed, it is carried in vehicles, 
and there is a radar installation which detects the relative distance and relative velocity to 
peripheral objects, such as a preceded vehicle and a road-side object, as one of such the 
devices. The thing using electric waves, such as a millimeter wave, as a radar installation 
or the thing using a laser beam is proposed. 

[0003]For example, it is made to change the deflecting angle of the direction of beam 
irradiation of the radar installation which detects the object object of a vehicle front with a 
steer device into JP.7-49380.A, The curvature of the road under run is computed using the 
steering angle and yaw rate of vehicles, and variable control of the above-mentioned 
deflecting angle is carried out based on the time variation of curvature. 
[0004] 

[Problem(s) to be Solved by the lnvention]By change of ambient air temperature or power 
supply voltage, the steering angle sensor and yaw rate sensor which are used in order to 
compute curvature with a device conventionally produce a zero drift, and need to perform 
zero point correction of a sensor. 

[0005]For example, JP.62-261575.A has a device of a statement to perform zero point 
correction of a yaw rate sensor. This detected yaw rate compensator judges whether it is 
the low vehicle speed based on the detection pulse of the speed sensor within 
predetermined time, and the yaw rate at the time of the low vehicle speed is performing 
zero point correction based on the output average of the yaw rate sensor at the time of the 
low vehicle speed noting that it is zero. 

[0006] However, in order to perform the judgment of the low vehicle speed with sufficient 
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accuracy, said predetermined time had to be enlarged enough and there was a problem 
that zero point correction took time. When it was made in view of the above-mentioned 
point and the vehicle speed adds the conditions of zero in relative velocity with an object 
object to the conditions of zero, this invention, It can detect that vehicles are halt conditions 
often [ accuracy ] and promptly, and aims at providing the vehicle front object sensing 
device which can perform promptly zero point correction of a yaw rate or lateral 
acceleration. 
[0007] 

[Means for Solving the Problem]The forward object detecting means M1 which detects 
relative velocity with an object object of a vehicle front, and an object object as the 
invention according to claim 1 is shown in drawing 1 (A), The speed detecting means M2 
which detects the vehicle speed, and a detection means M3 to detect a yaw rate or lateral 
acceleration of vehicles, The curvature estimation means M4 which presumes curvature of 
a road under run based on the above-mentioned yaw rate or lateral acceleration, and the 
vehicle speed, In a vehicle front object sensing device which has a steering means M5 to 
make it steer a detecting direction of the above-mentioned forward object detecting means 
according to the above-mentioned curvature, relative velocity obtained by the above- 
mentioned forward object detecting means by zero. And when the vehicle speed obtained 
by a speed detecting means is zero, it has the zero-point-correction value calculating 
means M6 which calculates a zero-point-correction value for amending the above- 
mentioned detection value based on a yaw rate or a detection value of lateral acceleration 
detected by the above-mentioned sensor. 

[0008]The invention according to claim 2 has a steering control means M7 to make airraid 
relative velocity detect by making a detecting direction of said forward object detecting 
means into a ground surface or the direction of a road side, when the vehicle speed 
detected by said speed detecting means is zero in the vehicle front object sensing device 
according to claim 1 , as shown in drawing 1 (B). 

[0009]When relative velocity with an object object is zero and the vehicle speed is zero in 
an invention of claim 1 , in order to judge with a self-vehicle being a stop state and to 
calculate a zero-point-correction value, since probability which a self-vehicle has stopped is 
high if relative velocity obtained in real time is zero - time of vehicle speed detection - **** 
- even if brief, it can detect with sufficient accuracy that it is a stop state, and zero point 
correction of a detection value can be performed promptly. 

[0010]in an invention of claim 2 -- time of vehicle speed detection - **** -- since airraid 
relative velocity can be detected by steering a forward object detecting means when it is 
made brief and vehicle speed zero are detected, a stop state is detectable from this relative 
velocity with sufficient accuracy. 
[0011] 

[Embodiment of the lnvention] Drawing 2 shows the block diagram of one example of this 
invention device. As for ten, a steering angle sensor and 12 are speed sensors a yaw rate 
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sensor and 1 1 among the figure. The yaw rate sensor 10 as the detection means M3 
detects the yaw rate of vehicles using angular velocity sensors, such as a piezo gyroscope, 
and supplies yaw rate detecting-signal omega y to ECU(electronic control) 15 for radars. 

The steering angle sensor 12 detects the steering angle of a front wheel, and supplies 
steering angle detecting-signal theta H to ECU 15 for radars. The speed sensor 12 as the 

speed detecting means M2 supplies the vehicle speed detection pulse of the cycle 
according to the vehicle speed V to ECU15 for radars. 

[0012]ECU15 for radars filters a yaw rate, asks for the curvature of the curve under present 
run from the yaw rate and the vehicle speed which were filtered, presumes the curvature of 
a future curve from this curvature, and computes beam steer angle theta s as a deflecting 

angle of a radar beam from presumed curvature. And this beam steer angle theta s is 

supplied to the steer controller 16. 

[0013]The real steer angle supplied from the steer mechanism 17 the steer controller 16, 
The steer mechanism 17 is controlled in agreement with beam steer angle theta s supplied 

from ECU 15 for radars, and the horizontal deflecting angle of the radar beam with which 
the radar sensor 19 irradiates with the steer mechanism 17 steers (steer). 
[0014]The radar sensor 19 as the forward object detecting means M1 is a laser radar 
device of a FM-CW (frequency modulation continious wave) mold, A vehicle front is 
irradiated with a laser beam, the laser beam reflected with the object object is received, the 
relative distance R and the relative velocity Vr with an object object are measured in real 
time, and ECU 15 for radars is supplied. The radar sensor 19 will not be restricted to a FM- 
CW type, if R and Vr are detectable. 

[0015]The relative distance R detected with the radar sensor 19 and the relative velocity Vr 
are supplied to environment recognition speed control ECU21 from ECU15 for radars with 
the vehicle speed V, yaw rate omega y , and steering angle theta H . ECU21 carries out the 
control drive of alarm 22, brake 23, and throttle 24 each, in order for these information to 
perform environment recognition and to perform speed control according to the recognized 
running environment. 

[00 161 Drawing 3 shows the flow chart of the 1st example of the zero learning processing as 
the zero-point-correction value calculating means M6 which ECU 15 for radars performs. 
This processing is performed for every predetermined time. At Step S10, it is distinguished 
among the figure whether the relative velocity Vr measured with the radar sensor 19 is 
zero. And in the case of Vr=0, it progresses to Step S12, and predetermined value t 1 is set 

up between [ tau ] patent periods, in the case of Vr!=0, it progresses to Step S14, and it 
sets up predetermined value t 2 between [ tau ] patent periods. 

[0017]Here, predetermined value t 1 and t 2 have a relation of t^, and t 2 is equivalent to 1 
or less second. Even if the detecting accuracy of the relative velocity Vr of the radar sensor 
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19 is high and it is performing flattery operation to the preceded vehicle, the relative velocity 
Vr with a preceded vehicle will be changed slightly, and most things for which this serves as 
zero cannot be found. For this reason, the probability of zero of the self-vehicle and the 
preceded vehicle having stopped, or the self-vehicle having stopped, and having regarded 
a certain anchorage as an object object is [ both ] very high in the relative velocity Vr. For 
this reason, even if between [ tau ] patent periods is brief, distinction of a self-vehicle is 
attained [ that they are a stop state or a **** low speed state near a stop, and ]. 
[0018]When the relative velocity Vr is not zero, since the probability the self-vehicle is 
running conversely is high, if between [ tau ] patent periods is not a to some extent big 
value, a self-vehicle cannot distinguish that they are a halt condition or a **** low speed 
state near a stop from the above. It is distinguished whether it progresses to Step S16 the 
above-mentioned step S12 or after S14, and a vehicle speed detection pulse carries out 
ingress from the speed sensor 12 within between [ tau ] patent periods. If a vehicle speed 
detection pulse does not act as Irikita within tau, it checks that a self-vehicle is a halt 
condition or a **** low speed state near a stop, and progresses to Step S18, and yaw rate 
detecting-signal omega y of the yaw rate sensor 10 is read, zero-point-correction study is 

performed, and it progresses to Step S20. At this step S18, the difference of yaw rate 
detection value omega y only for a predetermined sampling frequency and the last yaw rate 

zero-point-correction value omega Q is equalized, omega Q is learned by adding the average 
value of this difference to the last yaw rate zero-point-correction value omega Q , and 
considering it as new yaw rate zero-point-correction value omega 0 . 
[0019]lf a vehicle speed detection pulse carries out ingress within between [ tau ] patent 
periods at Step S16, a self-vehicle will bypass Step S18 of zero-point-correction study, and 
will follow it to Step S20 noting that it is not a halt condition or a low speed state. At Step 
S20, the vehicle speed V for which it asked from the vehicle speed detection pulse of the 
speed sensor 12 is beyond a predetermined value, the yaw rate amended by adding yaw 
rate zero-point-correction value omega Q to yaw rate detection value omega y is abbreviated 
zero, or [ that is, ] it is distinguished whether in rectilinear propagation, a self-vehicle is 
running. 

[0020]lf it is [ rectilinear-propagation ] under run here, the difference of detected steering 
angle value theta H only for a predetermined sampling frequency and the last steering angle 

zero-point-correction value theta Q will be equalized at Step S22, By adding the average 
value of this difference to the last steering angle zero-point-correction value theta Q , and 
considering it as new steering angle zero-point-correction value theta Q , theta Q is learned 
and processing is ended. When it is not [ rectilinear-propagation ] under run at Step S20, 
Step S22 of zero-point-correction study is bypassed, and processing is ended. 
[0021 ]Let yaw rate zero-point-correction value omega Q and each steering angle zero-point- 
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correction value theta Q be zero before performing this processing first. When a steering 

angle is unnecessary at following processing, it is not necessary to perform the above- 
mentioned step S20 and S22. Thus, when relative velocity with an object object is zero and 
the vehicle speed is zero, in order to judge with a self-vehicle being a stop state and to 
calculate yaw rate zero-point-correction value omega Q , since the probability which the self- 
vehicle has stopped is high if the relative velocity obtained in real time is zero - the time of 
vehicle speed detection -- **** -- even if brief, it can detect with sufficient accuracy that it is 
a stop state, and zero study of a yaw rate can be performed promptly. 
r00221 Drawing 4 shows the flow chart of the 2nd example of the zero learning processing 
as the zero-point-correction value calculating means M3 which ECU15 for radars performs. 
This processing is performed for every predetermined time. At Step S30, it is distinguished 
among the figure whether the vehicle speed detection pulse from the speed sensor 12 was 
supervised, and the vehicle speed detection pulse acted as Irikita within between [ tau ] 
patent periods at Step S32. It is set as predetermined value t 1 between [ tau ] patent 

periods here, and it is a halt condition or a **** low speed state near a stop that a vehicle 
speed detection pulse does not act as Irikita within the period tau, and it follows it to Step 
S34 in this case. 

[0023]A command is taken out with Step S34 as the steering control means M7 to the steer 
controller 16, the radar sensor 19 is turned to the ground surface of a vehicles lower part, 
and a steer is carried out. Next, the relative distance R to a ground surface and the relative 
velocity Vr are measured with the radar sensor 19 at Step S36, and it is distinguished at 
Step S38 whether the relative velocity Vr with a ground surface is 0. 
[0024]When it is 0, the relative velocity Vr, i.e., the vehicle speed, with a ground surface, it 
progresses to Step S40, and yaw rate detecting-signal omega y of the yaw rate sensor 10 is 
read, zero-point-correction study is performed, and it progresses to Step S42. At this step 
S40, the difference of yaw rate detection value omega y only for a predetermined sampling 
frequency and the last yaw rate zero-point-correction value omega Q is equalized, omega Q is 

learned by adding the average value of this difference to the last yaw rate zero-point- 
correction value omega Q , and considering it as new yaw rate zero-point-correction value 

omega Q . 

[0025]When the relative velocity Vr with a ground surface is not 0, Step S40 of zero-point- 
correction study is bypassed, and it progresses to Step S42. Since the vehicle speed will 
not be 0 if a vehicle speed detection pulse carries out ingress within between [ tau ] patent 
periods at Step S32, it progresses to Step S42 as it is. 

[0026]At Step S42, the vehicle speed V for which it asked from the vehicle speed detection 
pulse of the speed sensor 12 is beyond a predetermined value, the yaw rate amended by 
adding yaw rate zero-point-correction value omega Q to yaw rate detection value omega y is 
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abbreviated zero, or [ that is, ] it is distinguished whether in rectilinear propagation, a self- 
vehicle is running. 

[0027]lf it is [ rectilinear-propagation ] under run here, the difference of detected steering 
angle value theta only for a predetermined sampling frequency and the last steering angle 

zero-point-correction value theta Q will be equalized at Step S44, By adding the average 

value of this difference to the last steering angle zero-point-correction value theta QI and 

considering it as new steering angle zero-point-correction value theta Q , theta Q is learned 

and processing is ended. When it is not [ rectilinear-propagation ] under run at Step S42, 
Step S44 of zero-point-correction study is bypassed, and processing is ended. 
[0028]Although the radar sensor 19 is turned to a ground surface and the steer is carried 
out by Step S34 in the above-mentioned example, a steer is carried out in the direction of a 
road side, and it may be made to detect the relative velocity of a road-side object, thus, the 
time of vehicle speed detection - **** - since airraid relative velocity can be detected by 
carrying out the steer of the radar sensor 19 when it is made brief and vehicle speed zero 
are detected, a stop state is detectable from this relative velocity with sufficient accuracy. 
[0029] Drawing 5 shows the flow chart of deviation processing as the curvature estimation 
means M4 which ECU1 1 performs, and the steering means M5. Repeat execution of this 
processing is carried out with a predetermined time interval. Among the figure, at Step S50, 
the yaw rate detecting signal from the yaw rate sensor 10 is incorporated, and the yaw rate 
YAW which added and carried out zero point correction of the yaw rate zero-point- 
correction value omega Q to this yaw rate detection value omega y is obtained. The vehicle 
speed detection pulse from the speed sensor 12 is incorporated, it asks for the vehicle 
speed V and the relative distance R from the radar sensor 19 is incorporated. However, 
when object objects, such as a preceded vehicle, do not exist, let this relative distance R be 
predetermined values which are the maximum ranges of the radar sensor 19, such as 100 
m. 

[0030]Next, about the yaw rate YAW of the present and the past which were serially 
incorporated at Step S52. A cut off frequency performs, the low-pass filter processing of a 
low cut off frequency, i.e., the integration treatment, which are for example, 0.125 Hz 
grades, removes the high frequency component contained in the yaw rate YAW, and 
obtains the yaw rate YAWA. However, the yaw rate YAW before low-pass filter processing 
is saved. Then, curvature P of the present curve is computed by a formula (1a) using the 
yaw rate YAWA and vehicle speed SPD which removed the high frequency component at 
Step S52. 
[0031] 

R L =SPD/YAWA ... (1a) 

Next, a cut off frequency performs low-pass filter processing of a high cut off frequency 
which is about 1 Hz about the yaw rate YAW of the present and the past which were saved 
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without processing Step S52 at Step S56, The high frequency component contained in the 
yaw rate YAW is removed, and the yaw rate YAWB is obtained. Then, curvature P Hj of the 

present curve is computed by a formula (1b) using the yaw rate YAWB and vehicle speed 

SPD which removed the high frequency component at Step S58. 

[0032] 

R Hj =SPD/YAWB ... (1b) 

Next, it progresses to Step S60 and a curvature variation flag distinguishes by one whether 
it is under [ run ] ****** for the curvature variation section. This distinction is mentioned later. 
When it is not the curvature variation section here, it progresses to Step S62, and deflecting 
angle thetas is computed by (2) types. 
[0033] 

thetas=sin" 1 (R/2, and R Lj ) ... When it is distinguished at the (2) step S60 that it is the 

curvature variation section, it progresses to Step S64, The prediction curvature Pf of a 
future curve is computed by (3) types based on the rate of change of curvature to curvature 
P Hj of the present curve. 

[0034] 

Pf=K(P -P )+P ... (3) however the curvature of a curve [ in / in P / last time ], and K 
v Hi Hi-1' Hi n '~' 

are the numbers of presumed gains (constant). Deflecting angle thetas is computed by (4) 
types at Step S66 after this. 

thetas=sin" 1 (R/2, and Pf) ... (4) drawing 6 shows the flow chart of curvature variation 
section discrimination processing. At Step S70, yaw rate deviation deltaYAW is computed 
among the figure by subtracting the yaw rate YAWB obtained from the yaw rate YAWA 
obtained by low-pass filter processing of the low cut off frequency by low-pass filter 
processing of the high cut off frequency. 

[0035]Next, it is distinguished at Step S72 whether the absolute value of yaw rate deviation 
deltaYAW is larger than the predetermined value T (T is 0.5 deg/sec). Here, in 
|deltaYAW|>T, a curvature variation section flag is considered as one at Step S74, and in 
|deltaYAW|<=T, processing is ended, using a curvature variation section flag as off at Step 
S76. 

[0036]The regular curvature section C is reached through the curvature variation section B 
here from the rectilinear sections A, Then, the yaw rate YAWB which performed low-pass 
filter processing of the high cut off frequency has a delay small when running the road 
which reaches the rectilinear sections E through the curvature variation section D from the 
yaw rate YAW, including a high frequency component mostly. On the other hand, the yaw 
rate YAWA which performed low-pass filter processing of the low cut off frequency is 
removed in most high frequency components, and its delay from the yaw rate YAW is large. 

[0037]ln processing of drawing 5 , in order to compute deflecting angle thetas using the yaw 
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rate YAWA removed in most high frequency components in the rectilinear sections A and E 
and the regular curvature sections C other than the curvature variation sections B and D, it 
is not influenced by correction steering, but there is no error in deflecting angle thetas of the 
direction of beam irradiation, and it is stabilized. 

[0038]ln the curvature variation sections B and D, if the yaw rate YAWA is used, in order for 
delay to be in the response of deflecting angle thetas to the curvature variation of a curve 
greatly, although the high frequency component is included, deflecting angle thetas is 
computed using the small yaw rate YAWB of delay, and the response of deflecting angle 
thetas is made high. 

[0039]Although the curvature of a curve is computed from the yaw rate in the above- 
mentioned example, the steering angle theta may be detected instead of a yaw rate, and 
the curvature P of a curve may be computed by (5) types using this steering angle theta. 
P=(1+AxSPD 2 ) x Lxkgxtheta ... As for (5), however A, handle gear ratio (constant) and L of 
a stability factor (constant) and kg are wheel bases (constant). Lateral acceleration may be 
detected, the curvature of a curve may be computed using this, and it is not limited to the 
above-mentioned example. Also in this case, the same processing as the yaw rate of this 
example is performed to the steering angle theta or lateral acceleration. 
[0040] 

[Effect of the Invention] According to the invention of claim 1 , relative velocity with an object 
object like **** by zero. And when the vehicle speed is zero, in order to judge with a self- 
vehicle being a stop state and to calculate a zero-point-correction value, since the 
probability which the self-vehicle has stopped is high if the relative velocity obtained in real 
time is zero -- the time of vehicle speed detection - **** - even if brief, it can detect with 
sufficient accuracy that it is a stop state, and zero point correction of a detection value can 
be performed promptly. 

[0041]moreover - in the invention of claim 2 -- the time of vehicle speed detection - **** -- 
since airraid relative velocity can be detected by steering a forward object detecting means 
when it is made brief and vehicle speed zero are detected, a stop state can be detected 
with sufficient accuracy from this relative velocity, and it is very useful practically. 



[Translation done.] 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww 6/2/2008 



JP,09-049875,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 2 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[Drawing 1] lt is a principle figure of this invention. 
[Drawing 2] lt is a block diagram of this invention device. 
[Drawing 3] lt is a flow chart of zero learning processing. 
[Drawing 4] lt is a flow chart of zero learning processing. 
[Drawing 5] lt is a flow chart of deviation processing. 

[Drawing 6] lt is a flow chart of curvature variation section discrimination processing. 
[Description of Notations] 

1 0 Yaw rate sensor 

11 Steering angle sensor 

12 Speed sensor 

15 ECU for radars 

16 Steer controller 

17 Steer mechanism 
19 Radar sensor 

21 ECC 

22 Alarm 

23 Brake 

24 Throttle 

M1 Forward object detecting means 

M2 Speed detecting means 

M3 Detection means 

M4 Curvature estimation means 

M5 Steering means 

M6 Zero-point-correction value calculating means 
M7 Steering control means 
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DRAWINGS 



f Drawing 1] 



http://ww4.ipdl.inpit.go.jp/cgi-bin/fr^ 6/2/2008 



JP,09-049875,A [DRAWINGS] 



Page 2 of 6 



Ml 



M2 



^3 



(A) 



M5 



Ml 



M2 



^3 



(B) 



M7 



M4 



^6 



[Drawing 2] 



http://www4.ipdl.inpit.go jp/cg^-bin/tran_web_cgi_ejje?atw_u=http%3 A%2F%2Fwww4. . . 6/2/2008 



JP,09-049875,A [DRAWINGS] 



Page 3 of 6 



.10 



^2 




mm 




3- V- h 
















0h 




Ctfy 




V 







B C 


: u 






mmum 


ECU 



.15 



19 U-r*>* 

[Drawing 6] 





- h 


) 






7 0 


Y AWA — Y AWB = 


A YAW 






S 7 2 




NO 



s^S 7 6 




fDrawing 3] 



http://www4Jpdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4... 6/2/2008 



JP,09-049875,A [DRAWINGS] 



Page 4 of 6 



CEEED 




3 — u— UMi 



S 1 8 



^S2 0 




NO 



YES 



2 2 



( IEiE ) 

[Drawing 4] 



http://ww4apdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fww4„ 6/2/2008 



JP,09-049875,A [DRAWINGS] 



Page 5 of 6 



CEEED 



^S30 




NO 



S 3 6 



S3 8 




NO 



✓v-S 4 0 




NO 



^/S 4 4 



C jEE ) 



[Drawing 5] 



http ://www4.ipdl.inpit.go jp/cgi-biii/tran_web_cgi_ejj e?atw_u=http%3 A%2F%2Fwww4. . . 6/2/2008 



JP,09-049875,A [DRAWINGS] 



Page 6 of 6 



> 


< 




> 


























S 6 0 



S 5 0 



S 5 2 



S 5 4 



/v-S 5 6 



-S5 8 




S 6 4 



^-S 6 6 



[Translation done.] 



http://wvw4.ipdl.inpit.go jp/cgi-bii^^ 6/2/2008 



(l9)B#BI4*ff/T (JP) 



(12) & m & fF ^ m w 



^51^9-49875 

(43)&»B ^9^(1997) 2^18B 



(51) IntCl. 8 
GO 1 S 13/60 
B 6 0 R 21/00 
G 0 1 S 13/34 
13/93 



6 2 0 



F I 

G 0 1 S 13/60 
B6 0R 21/00 
G 0 1 S 13/34 
13/93 



Z 

6 2 OZ 









*gfcR »*3B©»2 OL 


(£ 10 S) 


(2D mm&n 


ftH¥7- 199609 


(71)tH8IA 


000003207 














(22)ffi|gB 


¥j*7*p(1995) 8 £4 B 




gfcli&gffl rfJ h 3 iS'BT 1 #«1 








(72)3891* 












»$nj&&fflru h a 9 *r i sua 


ha^SKi 
















(74)tt&A 







(54) [&wo&m *mwjtomtmmm 



(57) [gift] 

[RBI ^Mii^ati^ttJSIgtcrau * 

mjjni§g£&m-r£. fi*aije*l8M4tt. 3-U-h 
xti^snjiKi. »2<bccs-^t»-c. j^f4i©an«©* 

ki^> -c±ie&aj«i£ffiiE?- s too®* ^hkm** 



(A) 



(B> 



80B9fi 



(2) 

1 

c>r. 10 

So 

[0 00 1 ] 

[&(E©Jg-r-5&H5#I?] *«WB*ll*DEr l tW«*W« 
[0 00 2] 

3c^ttiaj±*BW4 0fc»«©«tH#H»Sti*mc« 30 

issn-cfco, c©«fc^a$ga©io4Lr3ttf*^8S 
ffltt*©WH<»f** r ©ffl*fffif5l^ffl*f iss*^ai-r s 

stress. 

[0 00 3] ffliltf. *5fS8¥7 - 4 9 3 8 
B. WM©l8i(*^^t 5 U-^ICt-A 
J8»**lSi<Ofi>fiIftflE*^?-T«««:J:rjrBrat-C#4J: 

■5(cL/. *w©aijieft^3-u- h*ffl^r*tf*©ji 
K©**«:*ti u ft*©B*ra^fcficcs-?i>r±ie« 40 

[0 004] 

[#P;j#8?&bcfc5 4-r£g!S] S£*«g-Cfl*^gLHJ 

HSa^SiBimff©^86{CJ: ^T?i, F'J7h*4G. 
-fe >-9"©^*aiE?rtf 5 & . 

[0 00 5] 3-U- h-b>V-<D^MlE^7^'i><Dt 
LTB. Fdxtf^BS6 2-26 1 5 7 5#&#RK:I3$& 
©gg#£»S„ C©tfcffl3-U- HjgJEgSB. 0rSB$ 

rart ©mji-fe ^©tfcffi/'Oi'X *stc®mji-c* 4' so 



#gg^9 - 4 9 8 7 5 

2 

{g*aB*©3-P- Ri3l-C&-5>4 0T 
[000 6] LfrU ffi*2©«S=5:ffiSft<tf ^fci?) 

j^mjeccNf n*i*>* ■& 4 1> *> ngs#£> •? fc. *»wb. 

±IB©*(ciB*!tcSiifc*>©-c. ^a*J^4^ i 5^frK: 

g tt«ti* 4 (omtmmtfi* 4 c ^ *#*(**p-r scttc 
4^@^4-r^. 0 

[0007] 

B. 01 (A) (CmriP<> *Mmi*©@S^(*S.O : a 

4, *ii*t^m-r-2>*a^m*©M2 4. *h©3-u 

-hXB«finSK ; Sr^W-r^tB^M3 4, ±133- 
©ffl**itBt*Stt*«t3£#&M4 4. _hiBtt*«cj£D 
«M5t*ifrr**WS!rtr«Ji«ftHl»««:*j«.»r. ±13 

fc3-u- hx»«toaa©*attcc*-3c»T±«i*iti 

¥RM6**rr&. 
[0 008 ] M#B 2 fCEtt©ftl|l§t*. SI ( B ) icjfk 

■c. B>ji3^ji^m#s:f^tiju/c*3i*5^©4*. «re 
ir^»«a*a©«ka*isi**ihiiix«Bwii*i6i tit 

itHHW 3 it 3 ttttHft^&M 7 **r-r ^ . 
[0 009 ] iiJjjai 1 ©ffeWtCfcl^TB, @««J(*4© 
ffi*taatt»»T. fro. SJfcWrca*4*. g*tffP 

*t»airT?*44*ij^0T^*itiEfii*^*-5/t«>. yr 

ffiJEZ jflMCCtf 9 C 4 # -S . 
[0010] «*3l2©»W«:*il>-C0:. *jIt^tt©B$ 

c©ffl»att*»6»w*»*«flE£i<*a-c* 

[0011] 

[f|HJf©jU6©ff*.1i] H2t4*»W««©-*««©^ 
n-?^S=Sr^-r. |5)S*. 1 0B3-U- Hz>1*\ 1 

lttflNKA-fe^. 1 2B*iiH2>U-r**. t^m^s 
M34L"C©3-U- h-fe>-9"l Ottt'i'/^t-fnf 
©ft2SH2>-9-*ffl(,>r*SI©3-U-h=£«iaL. 3 



(3) 

3 

8) 15tcim-??>o »Ksft-b>tM 2ttBW8©fl»6ft 

*fcau a»6ft«ui(a<»0. *u-40becui5k: 

ECU 1 5«:#ti^-r2>. 

[0 0 12] l/-ffflECUl 5«3-U- h©7-^U 
£ 'J 7 I>>^3*lfc3-U- FRO' 

*a*>6^aE^tf4 i ©*-^'©ft****. c©a^ 

619*©*-^©tt^*JiSL. iiSffl^a^U-^tf 10 
-A©{i[S]ftS<!;U-C©e-AX7-rft0 5 ^ettjf 

•*>„ -eur. c©t*-A^7-rft 0s 4xf73>Fa 

-5 1 BKftfttS. 

[0013]Xf73yha-7l 6tt^f-Tt»»l 7 
*>6^3*a5^X^rll*s, U-SOBECU 1 5#>6 

»»i7*wffliL. xf-rmmi 7K<t^tu-yt> 
•9-1 g^Bs^-rsu-ye-AOTK^^wisi^ftS* 5 

[0014] jW^tttg-tH^MSM l£U©l/-^-b> 20 
VI 9«{F!lxtfFM-CW (ja»Sf^i9ja^ift) SOU 
-If U-^&Eg-C&r). *M*u*(CU-1f t'-A4M 

«rt*&©ffl»re«RRo s ffi«$*i«v r * y rwnic 

iSttU-^lECU 1 5{c«*&-r5. &*s. \y-~V 
•fe>-9-19«. R, V r^a-C^ntfFM-CWMK: 

[0015] &te. 9-c&m2titctm 

WMR, tmm&V r«*«V. 3-U-hco, . 
®ECU2 1 Kt&i&SnS., ECU2 l«C4a6©t»fg 

[0016] I3ttU-^fflECUl 5*s^lTtS** 
«jEtf»**aM6 t bT©^j£3^#HI©* 1 Hifeffl 

£ft&. is]0*. 1 o-cw:u-y-fe>-u-i 9 

-cane $ n Mm&& v r #**»5*» **«!i-r & „ ^ b 

TV r = 0©iS^i*T-? ?'S 1 2 &C jt^^toWF^ T 40 
tCBBEfflt, SrtS^U Vr^0©i|^f^Sl 

[0017] cct?, msfitt, . t, at, < t, © 

1 9©tS#HISV r©tfcttiflfgW:SS< . tctZ.ffimic 
ilfitSfe^tf oT^t fe$fetf*i©ffl>[tjiav r 

**«:fp±Ln>4A>. x«S*#ff»jtbT{5ie>a>©@ 

^£B«1&ft£bT<fc^xTt>£^s£#g&Ti^tn 50 



#H¥9-49 87 5 

4 

[0018] S fc. tBfcfitgV r *^-C%^^li±IB 

t *s $> -s s* «c fa-cft wti a § **m±waw>»M 

Xf-^7'S12XBS14©S. Xf^S16(cM 

t^r-ftsci^msbrx^ ^'s l stol*, 3- 

U- h-fe>-9"l 0©3-U- ht^U3[M#co y 

«j*miiE*a*tf o x ^7- ^S2 0 c ©x f 

ht£HHifco y it?lB]©3-U- h^*liIEfiico 0 i©M 
5¥^t b . C ©g©¥i$Hfi£:H5@© 3 - U - h 
iEffico. (C*nUCU-rff/cft3-U-h^*iiEfiia)„ t 
-TS C £ CC J: <5 co„©^1^t5 . 

[0019] Sfc. 7's i er-^ffiMBiTF^-c* 

X[yXX7-vy'S2 OtCittf. Xf» 7"S 2 OT-lJ^il 
-tz>1M 2©mjIt^W^'^X*>?>^to/cm3iV*SBFf^<jl 

W-hT. 3-U-htfctfUBo, K3-l/-h§* 

[0 02 0] C C-Citjl^tf*-C4>n«XT- f 7"S22 
0©»jT£ft^£*iIEfiI0„ i©M*¥^Ktb. C©^© 

ft-yxmmn&T-rz. xf ^7-s2o-ciiji^ 

tf*-Cft^JS^li^.fflIE^g©X7- ^S2 2 £/W 

[0021] ft*j. cotos^sttcc^f-rstutcs- 

^«±IBX fv7 , S2 0, S22 ?r»f -5£^«ft 
C^o C©<fc^«:. g«^(*<?:©tl>P]aSAi^T. ^O. 

3-U- h^ttiEfiicOo *5j5»-S/c*t>. UTJU^-^A 

^*^^©r*a^m©B#ra*?s < < x b&mvti& 

[0 02 2 ] @4(JU-yfflECU 1 5*SgltT-r-5>^ 

^tis, ibis*. x^-^^s3 ot?«ma-fe>-y- 1 2«t 



(4) 



- 4 9 8 7 5 



6 



[0 0 2 3 ] J*ftWfflJ#KM7 i UTOXf 77*S 3 4 

taf 77'S3 6tu-^-fe>f l 9tc<fc01ftffiK:*fT io 

[0 0 2 4] flfeffiiCDta^iUKV ro*0 
ABXfvVs 4 0tCjiA,-C3-U- Hz>tfl 003 

XT-vZfS 4 2iCiltf 0 CCD^f ^S4 Orti^f^ 

[0 02 5 ] S/c. mft±<Dttttmm.V rifi0~Ctj;l>m 

*:/S42*CiItf 0 4fc % ^^^^S3 2r«WUJBIBT 

^<d&&Xtv 7*S4 2Kljit? e 
[0 02 6 ] Xt«y7 , S4 2-Ctt«Hz>lJ- 1 2<DMjM. 

■r-SCtCCJ:»3*BjEU/c3-U- hJ&JBS^rftS^ *^ 30 
[0 02 7 ] ccrailfttT*r*4i«^^^^S4 4 

¥Jftffl*»ia<Diia6ft»jS«jEfl[0. «:»n*o-c»ffctt* 

R t1 = SPD/YAWA 
6Cff??U-C*$C^c3HffiRCfffl*(03-U- h YAW&CO 

ymi£Sk<DlBt$iy <r Ji'4r&a£iTtti>. 3-u-hYA 40 

R M i= SPD/YAWB 
^CtC^-rv^S 6 otcit^ v &&&ity 5 

0 s = s i n" 1 (R/2 • R L1 ) 
Xf » 6 0 rffl*SE{fcBM-C*4 i«Sfl^n/cig^ 

L,X&m<D%£ltm&MlCUX (3) StC^O^CD^-^ 
P f = K (Ph.-P^.,) +P Hi 



[0 0 2 8] iJSSJSWtlWf ?^S3 4T1/-^ 

[oo29]05«ecui i*j*tf-r***it3e#a 

filEL/tS-U-h YAW«#^>. 4/c^3I-fe>1^12 

*«©Ba«*#WfiEl/ttl^»^tt, C(Dffi*tg6IIIRO: 
U-4T-fe>iM 9<D&^gffilitr&£m«l 00m 

[0 03 0] &oc*^*:/s 5 2r«ft*WW{cK5ii 

^n/ciM^I403-U- h YAW^CO^t, io v 

hYAWA^o fiu iSMy 4)izmmm<Da-i> 

*HiftfiR»*»*0/c3- U- h YAWA iSttS P D 
(1 a) ^0Cj:O^ficD^-^CDtt^P L1 ^ 

[0 03 1 ]. 

•••(la) 
COfft. TsT v7S 5 8rWJS&J?5c#£:l&*l, 
/c3-U- hYAWB<t«!S PD^t (lb)S 

[0 03 2] 



[0 03 3 ] 



•••(lb) 
(2) 3£tcJ:0«ftfttte sfcWBT 



[0 034] 



(2) 



(3) 



(5) 



ftm¥-9 - 4 9 8 7 5 



8 



■<>$k(m§St) t?*£. CCf^Xf- y VS 6 6-C (4) * 
0 s = s i n" 1 (R/2 • P f ) 

1510*. Xf^^S 7 OTlii*^ f-:*:7jl$£fc©ffiig( 

jU^^S-C»/c3-b- hYAWB 

[0 03 5] ^tC^f-y^S 7 2-C3-U- MS^AY 
AW©t&tfffi**9r5£ffiT (Ttt09*«O.5 deq/sec ) cfc 10 

Kt^z^frm^mwi-rz. cc-c, i a yaw i >t 

©*§£. ^7-^7-S7 4-Cfi^{fcE^7-7^^>i 

[0 03 6] CCT. fl^ERaA:&>iE>ffl^ftlHJI3B£ 

gritt«KlBE«:iUsaBB**fTr*t»^. h* 
7J^jS^©(S^7 -/ *$jai41fofc3- U- h YAW 

©iitt#</hst». cti(c*fL.T{g*y h*7^jg»©{g 20 

«7 -t )l*2%m*'<7^tca--\s- hYAWA&HtM&JOM 



(4) 

U- HYAW*>6©a 



[003 7 ] i5©J!iI-CB, dMBMUZNIB. DfcW 
©. BiKKfflA. ERC^1Mii*EIII!C«c4ft>T«i« 

/^*«<^<hi&*$ftfc3-u-hYAWA*ffli>-c 
-r. hr- A«aw*isi©flaieiflB0 s < £5rr 

[0038] S/c. ft^fbKWB. D-C«3-U-h 
YAWA£JBl>«&atitf*ft<4lfifll£0 s©IfcS#> 

A/C«l»-5#jI*l©/jN3<r»3-U- h YAWB^rfflt^r 
s4*fflU <SfaftK0 s ©!&§£»< 0T 

[0039] ±IE|QSW-C«3-U- f-#>6*7- 

£0£&wi<-t. coam6ft0%m>"c (5> a{c«to 



P=(1+AXSPD 2 ) xLXkgxe 



(5) 



h*;u^it <5£«) . Ltt«M -c* 
4. Etc. mfifam&&*tfitiiL. CMfflW*-?' 
©ffl$^#WO-Cfe^< . ±iBH«6WCRRS3*i&l.>. 

[0 04 0] 

±^©iP<. »#J«l©#6IBK:j:titf. 
a***ffjhO-t:(,>-5{t**t^>©-c*^Ui©^IBI^ffi 

< mtp < x <bt$immx$> sci fctssm < tamr- * . 

[0 04 1 ] *fc. »*3H20»?BK:*H,>rB. 46X4* 

<*«itb#©?rai(Si-r -a c t &c ,t o *f«t!©*s*tiig£tfcfcb 

[0 1] *^©MliT*4. 

[0 2 ] *JH8«®yB 5- ?IT*5„ 

[0 3] *jS*B«iI07 0-?t - h-C**. 



[04] «.^s*aai©7a-^+- bras. 

[05 ] fi«l©7n-5 1 t- hf**. 

[06] a*K<bBHi «8lftM© 7P-**-h-C* 



30 



40 





1 0 




1 1 




1 2 




1 5 




1 6 




1 7 




1 9 




2 1 


ECC 


2 2 




2 3 




24 


* P ? h )l 


Ml 




M2 




M3 




M4 




M5 




M6 




M7 





ftffl¥-Q-4Q 8 7 5 



mi] 

(A) 



Ml 



M5 



M2 



^M6 



ST/ 



Ml 



M2 



teases 



(B) 
^M7 



^5 



^7/ 



M4 



^¥9-4 9 8 7 5 






























Ok 








V 



19 



V- 




E C 


: u 










ECU 



- | ri^-^r | ^-23 



[063 



( EEE± ) 







^/S 7 0 


Y AWA — Y AWB = 


AYAW 




r 


S 7 2 




/^-S 7 6 



(8) 



<&m¥-9 -4 9 8 7 5 



IM3] 




c 



(9) 



#^¥9-4 9 8 7 5 



CH4j 



o- 


- ) 













^30 



3 2 

HMrrtlc NO 



YES 



u-^-t^-y- Steffi 



•^S3 4 



S 3 6 



S 3 8 




NO 



✓vS 4 0 




NO 



S4 2 



S 4 4 



Cio) 



- 4 9 8 7 5 



15] 



> 






> 


t 












r 






f 









S 5 0 



S 5 2 



z^-S 5 6 



YES 




564 



^-S 6 6 



